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Virhmlly  all of the data distribution  Wrtcgics bcit]~  coulmplatcct  for the
110 S111S cra revolve around the usc of files. Most, if no[ all, mass stotagc  tccltnologics
rrrc based around  lhc fllc model. Ilowcvcr, frlcs may bc [hc wr’onfj  primary abslrac[ioo
for suppor(inp,  scientific users in the 1990s and beyond. Ohcr abstractions  more closely
ll]a(chin~  the rcspcctivc scicntifrc  discipline of the cnd user may bc more appropriate.
J1’1, has buil[ a u[iiquc  multimissioll  [iata distribution systcm hrsccl  ot] a stralcgy  of
felcttw(ry  strcm cwulalioti  10 match [hc rcsponsibili[ics  of spacecraft tc.am arid ground
dala systcm  operators supporlir]c  our natior]s suite of planetary probes.

I’hc current systcm, opcratior~a]  since  1989 ar]d the laur]ch  of the Magcllrrri
spacecraft, is suppor[ir]~  bvcr 200 users al 15 rcmo[c silts. ‘l”his  stream-oricn[cd data
distribution mock! can pro\ridc. imporlar~t  lcssor)s  Icamcci to buitctcrs  of fu[urc data
systems.

JPl_,:s  ~Tyl{i!~!ission  Groyn(t  Data System (nfc;m)
J1’I.’s  MGDS is a distribu[cd,  workstation based, grourld data systcm  that provides or~-line. r~car-

linc and off-lir]c  storage for all tc]cruc[ry,  ancillary and proccsscd  data in suppor[ of the Voyager,
Magcllan,  Galileo, Mars Observer, ar]d Ulyssc.s missions. in the future the MGDS will supporl the
MESUR Pa[hfindcr mission. the CASSINI  missiort  to Salurn,  and the mission to Pluto currently in IIN
early plar]ning  s[agcs. I’hc MGIJS  began dcvcloprncnt  in 1985 as tllc  Spncc Fli@t  Opcraliorls  Ccrltcr
(SFOC)  software upgrade following the successful prokrlyping  cfTorl to apply workstation tcclmolog,y  to
s.upporl the Voyager cncour]tcr with I-Jranus and continues throu~h today as par[ of the Adwmccd
Mul[imission  Operations Systcm (AMMOS) willl  missiol~  supj~or( and rnair]tcwrace  activily.

l’hc MCiDS  provides a Project  Data IIasc  (1’DB)  for each mission Consisting of two parls:

● A “I”clcrnctry Record-13ascd  Systcr~l.
● A File-Based Sys[cm  to suppor(  data products proccsscd  at Icvcls 2 and above,

‘]’hc file-based system is in C1OSC harmony with systms proposed for IiOS.  ‘J’hc  tile storage sys[cm
consis[s  of scicmcc and cnginccrins  file data products, and a ca[alog constructed using relational database
tcclmolo~,y  (Sybmc).  q’hc MGDS supplies a variety of tools for browsing the catalog and impor[ing and
cxpor[ing  proclucls  to and from (I]c  sys[cm.

“1’hc tclcmctry-record tmcd sy.mm,  the wb.icc[  of this paper, consists of the SCI of all I,cvcl 0 and
sclcc[cd  1.CVC1  1 mission tclcmc[ry  producls  and related ground data syslcm information. Specifically, the
tclcmctry-records based sys[cm contains:

● Spacecraft Engir]ccrinp, Data
● Dccommtatcd  (channclizcd) Spacecraft llu~inccrin~  Data
b Ixvcl O and 1,CVCI  1 Scicncc  Data
● Deep Space Network (l)SN) Mor]itor  IM(a
● hdio Scicl]cc Data
● Quality, Qwrntity  and Contil~uity  (QQC)  Data



‘1’hc lclcmctry-rccold  base systcm  is implcmcn(cci  as the Tclcmc.Iry  I)clivcr-y Subsys[cm (’1”1)S)  and
wpportcd  by lhc Ccn[ral  lXrMxrsc  Sabsystcm  (CI)II).

‘1’hc MGI)S SysIcm Arclli[ccturc  is bascct around a SCI of projcc[ local Area Networks (I ANs)
intcrconncc[cd  over a hi~h speed backbone (l;i~urc  1). Wide Area I,ANs arc suppor[cd to the Ma,gcllan
spacccraf(  (cam in I)cnvcr, and to l’ls/Col’Is  all over the country for Mars Obscwcr.  l:ach projcc[  LAN
has a CIIII for non-real-time data storage, and a 2’IM for near real-lime (NEIL’]] and real-thnc Iclcmclry
data access. ~’hc basic archilcc[arcs  of these two systcn]s  arc common among projccls -- typically, project
spccilic  adaptations rcqairc chances to (ablcs along  with Ininimal  soflwarc chanp,cs.

‘1’hc Spacccrrift l’caa~ and Opcrxtions Sapporl

‘1’lIc “1’clcmc[ry I)clivcr-y  Subsystcm’s  prinlaty role is to suppor( tlic daily activi[ics  of the
iadividaal  Mission Spacecraft ~’calns,  the s[lp[)or-ti  tl~Mlll~i[t]issioll  Con[ro] ‘1’cam  (MCI’) and l~ala
Systcm Opcralions  Team (11 S03’), and to provide scicncc  invcs[igators  with access to their primary data
‘l”hc function of the Spacccratl ‘1’cam is to operate tlIc spacecraft, monitor its hcal[h, perform routine
calibrationand  lt]ail~tcl~al~cc  al~ddcal~~’itlt  spacecraft anomalies. Spacccrafi  tcamsconsist  ofsprrcccraft
sabsystcm  analysts (power, propulsion, command and control, . . . ), a navigation tc.am,
tclcco!~~l~]\ll~icatiol~s  anaiysls and others typiticd  by tllc Mars Observer team with over 40 personnel
(illcltlclillg, lllallagcIllctlt  aIldstafi].  I)llrit~~I)criods  ofro(]tiilc  o~Jcr:ltio]],  tllc  S1)acccraft  q`cal]]sa[J1'l.
opcratcon a 40-hour S-day workwck  asa baseline. Oaa  typical  \vork  clay, MGDS uscrslvil]  review
cnf,ilm.rin~and  grounddat  asystctndata  rcccivcd sit]cctl~c cl~doftl~c  ])rc\'iot]s  \*forkir~g d:]y, al]dcol~til~llc
with real-time cktta throughoa(  tllc day. l!ach  clcmcnt will~in tl~c Spaccclaft  3’c.an~ will sumtnoll  cla[a
rcla[cd tothcirarca  ofrcsponsibility  from lIIc1’l)S  forproccssing  and analysis.

‘1’IIc MCI’ and DSOT provide 24-hour monitoring of all spacccratl  and operation and coatrol of
tlic JI’I. ground data systcal.  Forlllcsc  tcar]}s, tllc~)ri~]~ary rolcoftllc l'l)Sis [o~)rovidc opcrators\\'itl]
data to support problcm resolution.

Qacry Ilcquircmcn(s

I’ypica]  scenarios supporlcd  by (I1c l’clcmctry  Delivery Systcm  include daily queries from the cnd
oftl)c~)rcviotls  \\70rki[)g dayrigllt  iI)totllc  ctlrrc[)t  rcal-tiI]]c  slrcall~of  rctttrI)  lir)ktclcl~]ct~;  a 10-to 60-
day trend analysis study; a query for rctransmit(cd drrta from the l)SN; ad hoc queries of on-line
cnginccring  data to suppor[  anomaly rcsolu[ion  on the spacecraft or gIoLincl  data systcm  and a query for
scicncc  data from a local orrcmolcpr  inciplcin  vcs.tigator. “1’0 supporl all of these responsibilities the cIola
di.$~rib~~lio}l slflolcgy  oJc/li~i/a/itJg  fc/ctllelry  slrefl/)ls  \\'asdcviscd.  Atclcl~~c[ry  strcar~~col~sists  of:] sLIL>scl
ofproccsscd  tclcl]~ctV  da[a[ailorcd  totllcr~ccdsar]d  rcsporlsibilitics  ofthc user.

TIIC strategy to emulate tclcmctry  streams allows 1’1)S  to support on-line, intcraclivc access to
tclcmctry,  access to real-time rclurn link streams, and to provide scandcss  qacrics that tramition  from
noa-real-tin] ctorcal-tin ]ctclcmctrydata, Ga~~filli  I~g, ovcrl:]]> rcll]o\'al,  bcstil~g arcsl]~)~>ortcd
atttomatically  and transparently. Ilcca\]sc  tllccla(a  clistrib\ltior~ ll~oclcl  isl~ase.dor]af{l]]ctiol]al  rathcrthan
an implementation model ofthcsystcm, users can intctact  with the da[a sys[cm  based on thciropcratiol~a]
vic~~~of tllcsystcl~~  }~’itl]  littlcor  noknowlcd~c  aboat  filcsystcms,  database manap,cri  n[crnals,orda[a
[transmission protocols.

l’o support oar distribution stra(cgy the tclcnlctry  da[a systcm  is orjyni?.cd  by mission, tclcmctry
rccordtypcancl, l~~orcfll[]datl]cr~tally,  bytimc, ~’hcrcis  aplcthorao  fclockswi[hin  thcschcmcof  mission
tclcnlctry  to support.  Spacecraft Clock (SC1.K), S[):lcccl:lft  ll\'cl}t  -l'irllc  (SCI['I'),  l[arll]  I<ccci\'c"l'illlc
(IIXT), Record Crcatioa Time (l{C’I’), Monitor Sample Time (MS]’), Radio Scicl]cc  Sample ‘1’imc (1{SS’1’),
attd even orbit nambcr  was proposed as a clock. llach of these clocks hat’c aniquc  behaviors w!lich affccl



[I)c ordcrin~  of rim. S0 KS arc subjccl [o spacccrail  rcscl and mpc rccordcrs anomalies SUCII  as [hc
“cr:lj)-i]l-tl~  c-gap” phenomena where old dah was rccordcd and ]cn~aincci in bclwccn  ncw recording
pcriocis,  ‘1’his old dala is strcrrmcd back imbcckicd in the la[cs[ mordcd  data. S(:10’s  arc corrcc[cd for
rcsc[, but will bc cffcc[cd  by “cl:i~]-ill-tl~c-~a[>”.  IX”I’ is a sin~plc,  lvcll-bclmvccl  clock, but is not
homomorphic with the spacecraft clock bccausc of rccordcr playback.

‘1’hc clocks of primary intcrcs[ to the spacecraft teams arc SCIi”l’,  and 1:1(”1’.  ‘1’hc prcfcrcncc
typically reflects whc[hcr a missioi]  has a shor[ one-way li~llt lime (h@,cllall)  where lcam members tend
to work in [crms  of SCI~I’, or a lon~ one-way li~hl  time (VoyaCcr)  where [cam members seem (o prefer
1;1<’1”.  “l”hc data syslcm  must  handle both on an equal footinc  and produce a s[rcam  of tclcmctl-y  iha( is
ordered “as it occurred”. Thus, queries by FX’t’ arc ordered by SCli’1’ unless specifically rcqucslcd
o[hcrwisc, ‘lo wppor[ this Icvcl of func[ionalily,  (1IC tclcmc[ry datahrsc hod to go through several
incarnations,

‘1’IIc  Ma~cllaa Tclcmctry  Database—.——— .._ —..-—— ..--—.

Magcllan  wns the p~thtindcr  sys[cm  and our fir?d allcmpl to implement the tclcmc[ry  slrcm
access s[ratcgy.  3’IIc approach takc[~ on the Ma.gcllan  syslcm  was 10 implement a CAmmcl dddme
(llor~cil,  [3]) in addilion  to a tclcmctry  record (iatabasc, 3’o undcrs[and (}1c CIIm~IIcl  clatabase IVC nccci
some backjyound.  Planetary spacecraft (rrnd prcsumbly carlh orbiting spacecraft) usc [hc conccp( of
comlnum(ion  al~d ticcol]]l]llll:ltiol~  10 pack and unpack tclcmctry  data clurins  transmission to I:ar[h.
(’ommu[alion  occurs  OH (IIC spacccfaft,  and iwolvcs  sys[cmatically  sampling several sources of da[a ancl
constructing a sillglc  [clcmctry  frmmc from the.sc samples. }iach salnplc  occupies all assigncci  position  (as
spccificd in a dcconmutation  map) in a rc,gular, rcpca(ing  fashion. I)ccommulrrtion occurs on (IN ground,
where separation of the siil~lc  tclcmc[ry  frame into its component park takes place based on their
assigned position (as spcciiicd it) (IIC same dccomruu[ion map) in a data  frame. l’hc chnne/iza(ion
process is performed on the data aticr acquisition by malching each sample value with an explicit cl~annc]
idcl)tificr.  I’bus, a channel is the outpuI  data fronl a sinclc  instrwmcnt  or sensor, uniquely idcn[ificci  by
the MCiILS.

IN tile J1’L tclcmctry  worid, tilcrc arc various types of channcis.  lhginccrin~ clmnncis
correspond dircciiy  to spacecraft insirumcnis  and sensors. Mol]itor  channcis  arc added to the tcicmciry
stream by ti]c Deep Space Network (DSN) wilcrc  tracking data, raciio scicncc  and other quality il~(iicalors
arc produced. QQC channc]s  arc added io the tcicmc[ry slrcam  by the Product Cicncration Sysicm and
rcprcscnt the processing analysis done on the raw data. Ilcadcr chamc]s  arc lhosc vaiucs  ti~at correspond
to tile SIWU 011)0 headers (discussed bciow) that arc added to the data as pari of tcicmctry  processing.
Aii of tilcsc  clmnncl daia arc packaccd  in the same manner anti archived for later distribution io users.

‘1’i~is Cimmci database was an cxi)crimcni  where “ciwnciiz.cd”  tcicmctry  was dismscmblcd,  anti
ti)c indiviciuai  cilamci  records were s[orcd into a rcia[ionai  database. ‘1’i~c  premise of ti~c syslcm  was tilat
users wouid  bc abic 10 perform compicx  operations on cilamcis using  a rciationai  modci, and that the
i)crformancc  wouid bc superior. ln term of pcrforlnancc,  the ClmIII1ci ciatzrhrsc  was fairiy  fa.sl for queries,
bul ihc loading suffered duc io the overhead of loadil~g thousands of da[a iicms  into an RDBMS
(compared to ioadinf,  a fiic of da(a). Ti~crc was also ti~c problcm  that chrumcis  arc dynamic and CaII bc
added to ti~c sysicm at any iimc by cimging  iilc commutation i>roccss  on the spacccraf[,  or by iniro(iucing
ncw channcis  ti]rough  li~c DSN. ‘1’im ti~c PDI1 imd to bc able to dcai with both time and channels and
dyl~amic variables. ‘i’i~is  early cxpcrimcn(al  sysicm  was not prci[y, bui was rhlc to formuiatc a iaiiorcci
stream of [cicmcwy in response to a rcqucs[  by a user. ‘i’i]is  capability formed ti~c basis of our fundalncntai
straicf,y,

hlGDS Muitimission  I’cimclry  l)i]t~l)i]sc  Architccturc

After the Mo.gciian systcm  went oi~crationai  (and it is stiii in operation), ti]c tcicmclly  database
was rccicsi~l~cd io cnilancc  its muitimission  nalurc  al)(i rcsoivc ti]c issues associatc(i  Jvi[il  ti~c Ciu]nl]ci



clatahtsc.  “i’hc rcdcsigll took advanlacc of lhc VAN1’,SSA  protolyping  effort to suppor[ Voya~cr’s  NCIMUHC
};ncoualcr.  VAN1:SSA placed grcalcr  cll~phasis  on storing aid rclricving tclcnmtry  rccorcls ra[l]cr [Iu]I)
individual clmnncls  in sa[isfyin~  IIIC nccrls of (tic scicncc colnmuaily  fc)r near real-ti[nc (N IIR-I’.) access to
data. Any clmncls  nccc!cd were cswac[cd “oa-[lie-tly”, ci[hcr by tllc Query Server or by (Ilc users
analysis tools. “1’hc  chan[lcl da[abasc was dropped in lllc rcdcsir,  n aid a simi~]cr  storar,c Inccllat]isl]]  \vas
implcmco[cd  for near real-time data base.d on files ([he N1; I{l’ cacl)c.).  ‘1’o main[ain our distribu[iol}
shwcgy in the ncw systcm,  da[a is scpara[cd  by tclcmcwy record type as i[ is rccordcd  il~!o files. l’hcsc
frlcs arc cataloged according to record type, and (1IC start  and cncl clocks of intcrcs[  for that Iypc. Data is
queried from lhc NI;R’1’  cache throu~h  a process of or’dcring the tiles according to their s[arling clocks mld
time mcr~il~g  Ihc data across thcm.

“1’hc  most chaltcnging  complica[ioo  in [l~is approach has been dealing with clock rrnomalics, Ill
order to support  queries by any of the clocks mentioned above, and to bc able to order the data by ally of
those clocks “on-the-fly”, the clocks associated with the data within any file have to bc WCII bchavecl.  ‘I”his
mums hat  for all clocks of io(crcsl,  the cnd time has to bc .grcatcr than the slarl time, ancl clock values
have (o bc monotonically iocrcasing.  ‘1’o fiuaranlcc  this behavior, al~orithms  were devised 10 dctcc[ clock
anomalies as the da[a is bcia.g  loaded. When anomalous behavior is dclcclcd,  loading to [hc current file of
data is closed oul (and ca[alogc(l) and a ncw fllc started. If tllc ncw file has well-behaved clocks fjust
disjoilIt  frol]~tl~c  ~~rcvio~]s file), loa(lil~~coli[iI~  l]cs, lftllcclocks  arcl)oorly  bcl]:]\'cd ll]cyarc  isol:llccl:l[~d
query processing may or may not ig,norc tl)cln  base.ci OII the query request.

I’hc VAN1{SSA  prototype also M the capability to proviclc  real-time access to da[a as it cu[crcd
tlicsys(cm.  Uscrsof tl]c VANl:SSA  l~rototyl)c \\'crcat)lc  toql]cf-y frol]~tl~c  I)astal~d  il~to[l]c  f~t[~lrc:]lld
rcccivcs[orcd  and real-timcda[a in tltcsamcqucry.  I’hiscapabili[y  had been spcciticd  for tl~c original
MaScllal]  systcl]]  bllt\\ras  l~cvcril]]plcrl~  c1~tcd, Altl\o[l~l~ tl]c I'lJIl~>roviclc  Ilcarrcal-till]  clo:]cli[]gof
[clcll]ctry  d:]ta, acccssto f~l[tlrc da[a\\ras  ill]i~ossiblc  toill]~~lc1llcl][  illtllc  col~[cxt of:lll  Itl)IIMSbcc:\~lsc
tl]cscs  ystctl]s\  villol}lys  llp~>or[q  ~]cricso f(l:~laa lrcadyc  xis[il~~\  villli]]l  l~cdatabasc.  ‘l”t~csil]]}JlcrNI{l{’1’
cachcstorrrcc  model has made it possiblcto  implcmcll[  a lcal-ti[~~c clllcrj’  c:i})abilityal~(l  provic!e cla[a to
cnd w.crs  dircclly  as it is rcccivcd and proccsscd  from [hc DSN.

Fimlly,  (hc initial coaccpl  of the NI;RT cache was as a shorllcrm  sloragc  loca[ion.
J{csj>ol]sibility  forlol]gcr  tcrl]loI~-lil~c  slora~c  wasrc[aincdb  ythcCIjlls ubsys[cn].  “l”l~c  Nl:I{-l’ c:\cllc}}las
intended to[~ro\'idc  ql]ickacccss todataalld sll]ool}l  ollttllc  o~~cratio1~al  irrcgularitic so floadin.  gdata into
the CDI1.  "I`llc NliI{q`  cact]cllas  provcl~to  bc\'cry rob~lst  al~d\lsc oftllc  C1)13tclctl\ctV  rccordstoragc
s~’stc[l~is staflil~g  to~}’al~c. Ncvcrlhclcss,  the final q[]crys~’stcl]l  asitl~l)lct~]ct]  tcd i1]tllc7’I)SI~ro\’ic!cs
scamlcssa  cccss(oall  hrccsourccso  fda[a(C1J13,N  1’XTcachcand  real-time). IIsarchilcc[urcis
illustrated in Figurc2.

Application of Standards, ‘1’hc Standard Formnttcd Data Unit

‘J”hc S[andard  l’ormatlcd I)ata LJnit (S} ’lJU) has bccH critical to the dcvclopmcnt  of the MGDS
at~di[s da[astoragc s~’s[c[]].  SFL)lJs  provide a\\)ayto  Slobally  dcfll~c al]didcll[ify  data prod~lcts  for
i[~tcrcl\aI]p,c ;~ll~o[lg v:~riolls  soft\}'a!-c  aj)~)licatiol~s:\  l~d international or~al~iz~~[iol~ s~illcr, }~l~il],  [2]). “1’l~c
S};[)U conccp( provides a means for globally dcfinin$  and identifying data products; a means for
aL:~rcga[ing  imtanccs  of these data products; ancl a means for administering the data products dctlnitions
al~ddcscril)tiol  ]s[ocl~s~]rc  tllciracccssit)  ili[ya1icl  undcrs[andins. ~’hcabstrac[  naturcof[hc SFI)U has
provco i[sclf  time nnd time a,yrin in cons[ruc(ing  softwrc [O mccI J1’1 ,’s tnul[imission  rcquircu~cnls  by
proviclin~  suflicicft~ polymorphic richness to cllaroc[crizc all [clcmctry data within  the sysIcII1.

‘1’hc SI;DLJ s[ruc[urc  is derived flom 1,a[~cl-ValLlc-OIJjcc[s  (1 .VO) }vhich arc self-idcn(ifyinp, aml
self-clclimi[il]gda[a records llla[follo\\f  tllcli]bcli]\~  rlllcsof  [l~c Colls~llta[i\)c  Coll~l~~i[tccoll  Spacc IXrta
SYSICIl~s  (CC SI)S) or OIIC of iLs Control Authorities. I.VOS have a label clclucnt  tcI identify [I\c d:lt:l objcc[
and give it IcwI),  and an clcmcnt that contains  the d:]trr values (datir flclds).  llip,h  level SFI)LJ s[ruc[urc
p,uiclclincs  arcdclcrmincdb  ytllc CCSI)S  and foc(lsolisla[lcl:~r(l  l:lt~clil]f,ofci:]ln. “1’hcsc  ~!uidclincs  il]cludc



,

rlllcsto  c(lablc ili(livid~lal  a~cl~cics todcfillc  tllciro~~fll dctailcd forlll:lllillg  sl)ccificaliolls.  ll’I, hasadoptcd
ordcvclopcci  scvcral  stal~dards  for fortllattil~[;  cla[a\\'itllill  tllc SI(IJLJ illclllclillg  tl)c Cotl~prcssc(l  llcadcr
IIata Objccl and tllc I’aramc[cr  Value l.an~ua~c  (l)Vl ,).

Comprwscd Ilcadcr Data Objects

A Compressed lIcadcr  IErta Object (CIIIJO) is a!) I,VO cxccpt  that it has a shor(cncd,  4-byte
labclto l~rovidc  acoll~pact  c[~vclolJc strllct\lrc  fortclclllctry,  lllollitor  alld QQC data. 3’llcCIII)C)strllc[llrc
is used only for data cxchan~c bctwccn MGDS subsystems. “lhc Cl 11)0 Iabcl contains a 2.-by(c  type field
anda2-bytc lcr]gthficld.  2'l~cfixcd si7.cof  tl~clcl~gtll  ficldl~laccs  a32-kilobfic  lilllit  ol~tl~csiz.cof
CIII)O-structurcd  SliI)Us.  l'llcty}~c  ficldcoll[aills  allilllc8cr  rcl~rcsclltatioll  oftyl~c  iliforlllatiol~  sll~lcicllt
for MGDS purposes @i.gurc 3).

C}l[)OS at J} ’I. arc cnvclopcd u,i[llin  S1:I)US  with  standard CCSI)S labels, makinp,
[l~c Sl:I)Urcadablc byotl~cr  systcll~s tl)ottlsc  tl~c SI`l)Ustal\dard.  WitlliIl  tlIc SI;l)Ullcadcr i[sclf,  J} ’I.
furtl)cr  defines subhcaclcrs  @igurc 4):

● Aggregation subhcadcr  Cl I DO
● Primary subhcadcr 01[)0 (required: data type, mission 111)
● Secondary subhcadcr CIIDO (optional: mission indcpcndcnt  mctadata)
● Tcr[iary  subhcadcr  ClllXl (optional: mission dcpcndcnt  mctadata)
● Quatcmary  subllcadcr  (}11~0  (optional: mission dcpcndcnt  mctaclata)
● Data C}II)O

The data (“mctadata”)  fields of the primary, secondary, Icrliary,  and qualcrnary  subhcadcr  CIII)OS further
define and identify the data, The headers arc produced by the MGDS Product Generation SysIcm, al~d
may bc mission indcpcndcnt or mission specific. The contcnl of these subhcadcrs  arc dcfinccl  by the
projects.

]’aramctcr  Value I.anguajy

The Parameter Value I,anguagc (WI.) is a simple ASCII ]anguagc  of the form “keyword =
value;” plus some dclimitin~  constructs. PV1, provided a standard for expressing query requests, in
ASCII, that  coulcl bc cncapsulalcd within  an S1’DU i[~ a s[andmd fashion (Figure 5, TIE Query I’rotocol).

Datit Aggregation

3’IIc  Version 3 S}’DU Iabcl provides the abili[y  to crcatc a variable lcn.gth information product
without requiring byte counts of the product’s lcnglh.  This was utiliz.cd by 3’1)S  to crcatc an SFDU
compliant query product that could bc ccmstructcd and trmsmit[cd  to the cnd user, omthc-fly,  without
having to stage the product locally to mcaswc its siz.c and frll ill tl~c label of’ tl~c cl~capslllatil~g  s~r>u.
“1’hc Version 3 SIWLJ labels support (in addition to others) the notion of delimiting an SF1)U  by an I{nd
Marker, ‘1’hc marker is cmbcddcd in the Icnglh  field of the cncapsulatiug  SI;l)U  and is paired with an
Ihd Marker 1.abcl at the cnd of the data product ( Fi~urc  6, 3’1)S  Da[a Product).

“Get away from fdcs  and filenames” (l)o~.icr, [4])

The easy way to manage data distribution problems involving cxtrcmcly  large datascts  is to usc
files. ~“hc file model is mivcrsally  understood al~d suppol[cd  by all operating systems, storacc  systems
and network tral~sfcr  scrviccs.  In riddition,  once the rcqucstcci clah is slascd into  files, tl~crc is Ilotlling
more for the data systcm  to do other thal~ [o notify users to rc[ricvc  thcm. Plcsumab]y,  users lvill  Imvc
access [0 plcl)tiful  file transfer tools (conlwrcinl  or public cloluoin)  and call pc[ forjll  tllc act~lol  tr;~l~sfcr



hcmsclvcs.  Oacc the film rrrc transfcrlcd,  the job of the data sys[cm is complclc  -- it is the user+ i)rotrlcm
to gcl at the scientific data within  the frlc.s.

XIJROWSE, from  the lJnivcrxity  of Rhode Island (lJ1{I)

II] con(ras[,  dam systems based 011 .sfrcams or o[hcr rrbstrac[iom  require more proccssi[lg  and
syslcm administra[ioa  supporl,  but cahaacc the uscfulm.ss  of (IIC syslcm  10 cnd users. ~’hc ‘xbrowsc’
systcm  pr-ovidcs onc such example.

‘1’i~c  ‘xbrowsc’  systcm,  dcvclopcd at URI (Kowallski,  (iallaghcr,  C( al [1]) is a stream-based Iaycr
over a data sys(cm  whose basic data abs(ractioa  prcscatccl  (o the cnd user is the image. Users mkc
rcqucsls  for ima,gcs  tha[, bccausc  of their size, arc broken up into ‘chunks’ by srrmpliag  [lIC Ilir,h  rcsolu(icln
ima~cs  and transmitting a stream imacc  of procrcssivcly  hip,hcr resolution. l’hc data is lrawm]illcc!
clircc[ly into data visualizrlion  tools at tl)c client site (which 1M% bc local 10 LJRI,  or over (I1c Inlcmco.
q’hc systcm  allows users 10 view images aad 10 throltlc  the iacoming  data ia[cractivc]y  if the image is
examined at low rcsolutioa  and rcjcc(cd. A file-based systcm would not bc able to provide ci[hcr  of these
capabilities directly.

Tclcmctry  Olltput  1’oo1

Users of JPI.’s  MCiDS arc provided wi[h an intcraclivc,  point  and click (and type a liltlc  bit)
tclcmctry  query Iool called (}IC Tclcamry  OuIpuI “I”ool (’1’CY1’).  LJscrs  arc prcscnfcd witil  an rrbslrac[ion
[hat closely models (I)c Tclcmc[ry  problcm domain. F’ip,urc  7 shows (IIC I“()’l’ graphical user inlcrfacc
will)  widgets for sclcctiag  packets, chamcls, chaancl SC(S, lime raagcs, spacecraft, clock (ypcs, and so on.
Oocc users have spccifrcd  the query parameters for ‘1’01’ (including the desired oulput),  transfers occur ‘in
the background’. ‘1’hc rcqucstcd  da[a is packaged into  slaadard SFDU objccls  and, if rcqucs(cd.  dclivcrcd
directly into  works[atioa analysis [OOIS [such as lhc MGDS I)a[a Moai(or  & I)isplay,  (IIMI))] over local
and wide area 11clWOrk5.  Users inlcract  with the systcm via the lclcmc[ry stream abslractioa  will] no
know]cdgc  of the underlying file or daiabasc  mal~agcmcnl systems involved.

~“tlc ‘look and feel’ of the TOT intcrfacc is hc same for all JPI,  missions. IIach Il}ission “adapls”
the 1’03’ through MCYI’lF rcsourcc frlcs (’1’03’ is constructed using [hc public domain Widgc(  Creation
library,  WC1-, which affords coasidcrablc  flcxibili[y)  ralhcr  thaa constructing ncw query applications for
each ncw mission bccausc  the uadcrlyins abstraction is derived from (IIC model for doing busiacss  at J}’l..

Building Ostom CIicl]t ‘1’ools

As mcnlioncd above, abstract views of a dala syslcm require extra processing by lhc syslcm.
Iloth  ‘1’01’ and ‘Xbrowsc’  required custom software, at tlic clicnl siclc,  10 properly prcscn( lIIC SYSICIU and
iag,cs(  their data products. Unlike the file transfer model where standard F1”AM  aad 14”1’1’ tools can bc
assumed, no standards cxis[  to construct these clicnl tools. A firs[ slcp ia dcvclopiag  standard data systcm
prcscn~a[ion.s  in clicn[-side software is to adopt some cxis(iag, s[andards  for data packaging (SFI)U, }II)F,
CIC.), aad then provide cnhanccd  clicntiscrvcr  Iools  that  understand the formals. ‘I”o some cx[cnt, (I1c
NCSA tools supporting 11[)1: arc built on this model.

Although ncihcr X}lrowsc  nor “1’1)S provide a general solulioa  10 rcprcscntillg  wcc data
sys[cms  to users, both arc good examples of dcvclopinp,  prcscntalioms  to data sys[cm  u.scrs which more
closely rr~odcl  their particular problcm domaia.
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l~ig[l IT 2: ‘J’])s SCI*VCI* A rc]~it.ccf,t]rc
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]!jgurc S: ‘J’l)s ])ata Product

l)rimary CCSI)3ZSOOO01
I ,alml TDSQ1)ATA
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Sample (@cry I’VI.

OBJliC1’  =- Mo. (@y;
DINCRll)’J’lON  = ‘rJ’ot Query’;
I<I{QLJI-{S’I’I?I<..  NAME  == Al Sacks;
MISSION. NAMH == MO;
SPACIKXAF1’. NAMIi =- Mo] ;
‘1’lMJ;- ‘1’Y1’D == l;R~
S“1’A1<”1’-r1’JMli==91 /352T20:09:;
l!N]>- ‘l’lMI? = 91/35232  ]:09:;
G1<OUP == }’RAM1{;
I) Arl’A- ‘l’Y1)li  = sci-.tcs;
1) SS- 11)== Al,],;
l;N1l_GROU1’ =: lXAMIi  ;
I; ND. OI]JIKvl’ = h40. (@’y;
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